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(57) 

S5M*^^sfffflme<!:>Ftei. arctic; o-c#fl^® 

CitCfcO. C©®«©BO DEISTS,, 




I lft$gi 2 ] 3 6 *ff -Slil^S 1 SB®© 

B0DH2>^„ 

[»*B 3 ] mBft£*4!tttt£*rCft « C i Sr^S* 
i -T Sii3#JS 1 X« 2 gBiR© BOD-te 

i*ttS4©WI«:«ttift«:JlWl/A:t*«:il«Sia«:an 
SflSflS^itffl-racitcJ:*). C©®«©BOD£fiJ;£ 

Jt$B&£8$U fPfflf8«S<!:#Mt8ffii©lffltt:fS(4^* 

[ ia*q 6 ] meft£«itftttt£irc* s c t z®w. 

tth 4 Xtt 5 JCgetg© B O D £$J£T sm, 

a* ^ v x- * fcssjirr * c t z<&® t ? an* 

ffl4~6©l>-rti*>-StCl3K©BOD*iiJ3ef 

[8i3J)c®8] iiiiSS^TW x-£*i, l-^h+~>-5 
-^^Jl/yx^x^Ay^l^Jl/?**-- h 2. 6 

-y*on-{>h'7x * <)i/7 'situ >; "5 

ie«S©BOD?:SiJS-r^& 
[SB*59 ] bu§Ej< i-f *i. 1 0 n m«±©« 

gjBH-casflns n * c t *im t ? s ia*gt 7 ia«E© b 

OD 

[0 00 1] 

[ffiS^©*iJ/B#»] #&BJ!tt. BOD-fe>mcMU 
i¥0<«, ^?Sffi4ffll,^l,>B0D-b>1f{ClK|-r*. 
[0002] 

[ge*©t*ffi] H;ii^ffiegf*©*a«i«:ttfi&3ia 

iOt. BOD <£«rtfe3s«MJRS#ffi) HIS 

w<cwant7icji«a©t&Ris*irir»*. mmt^MHc 

4>. *©*mKito(cttj£;L-Cft9ttKfts 

*Hffi«3*«iB6*K4s. -r^t)^BOD«, mmt-s 

m$i&Z. H3R«(CJ:0IBI»«K*Lft:t©r*4. 
[0 003] B#I3§*Jit&J I S-CBOD©iMj£ffijWH 

6 tC«NJ£{C 5 B RUfcgf S & £'©R5JgS.£#* o /c„ -£ C 
■Cfflii. ISiii. *^5f->7-OH-iBjDjfiE%B0Di'lS)S 
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»*&£©ffl!£tc«fll;**vc(,>5. 
[0004] «£3MefflStlTl>SBOD-fe>-y-«. S&£ 

«fK©ia«:w«MJi**ffcL««%i8«-r*a*ii!*«A 

#L*/cg&£1$5fg& (^885 4-47 69 9^'2M) 

[0 0 0 5] L*>l/ft#6. ±K©i5fc»SBMR©* 
10 fJ>ffitCj:0BOD5ra'JS-r2.-fe>-9"C«. $??$$t©{£ 

ifibz. ttc, tt**8©fttttt. ^»«:m««^4 

[0006] 

6^$n/cfc©r*»3, KjRs«*m»-rccflH$K:*r«a 
{fc£*»is**B&*- * t £ #r £ . $??&i5is;ws< r 
*»»3Ej&i?itt& bod a c t *wmt t 

20 [0 007] 

mmzmm zicMfrm ±i2is®£ 

^TSfcdtXC. BODH2>t*"*«T©1tfi£iL//c. f 
mWM (Si^mg) i. *t@<h5rWrSBOD-fe>-9- 

30 4©lfflfc«fl«*J»WL.fci*«cisl^S««*tH»rS 
C4KJ:»). C©««©B0Dfta»£-r4*ffi*««^ 

a. 

[0008] Sfc$^BJtt. ±8BflteSK:Jnitr $ 6(C# 

BBm^wr^BOD-fe^if, Rywi»«j?:^*-rs« 

«{C. C©BOD-fe>-9-=SriSif L. ffUBmg<fc#Jtgm@ 

t©iBuc*fi^4fi?sfbfcijf«:iensa»*ftwr4 

CitciO. C©?g«©B0D4$i)S-r.5^!4?:^T 
SWT. 

[0 0 0 9] < 1 >*«i©BODt>t 
40 *^W©B0D-b>ifl3:. ^SXtt^^e&sm® 

S. *l£Bj©f6©Sg<i©BOD-b>^[i. ^JimfflfeO' 

<cc©^mtc3«3hfc«£«mf*&stri*ii 
[ooio] mm®z&mt£®z^ts&nmLicfttE 

50 (cftWT*. ^©iSgecte^r, Df«iR©S-Te2%Cc 



(3) 



ftm-l- 1 67 824 



i&afcwmzh. com. RMztiziswmBLt 
»*-rsa^©flKcttfflBB*j*a. L/d^r, t©& 
vhtzt&i-omzmfetz c t cc &- 3 xm.£M<D*t>*) 
tc#&Ts#««K*5;b#>9, BODsawsi-aci 

*S-C ft S . C ©m*©#ffii)ffi£ ftgffHNT & C £ ttfflU 
r*&©-c, *^Mfc*jt»T«, ±setM£*Tt£BO 

■mmWZ. «TJC. *«WOBOD-b>-9-©1lte6* 10 
<DH^7c5?«S«Jji(*ct>«:WALfcfc©^lf ens. £ 

ess® t m®m<D®L£®wft * jsia s # & i »■ <t ©pa 

f <b£JKK3*HK:. yjb$;l/TJb-ft Klf?r»>tiS4 
«*8H*tcHSfl:Lfc*©-cfcJ:i». ItW8+©{&£«!« 

[0012] ±is8»4iai WTOsSrtttHf *c 
i<c «fc "31S-f{5^R«:i8-7-©^86*»ec -5 &©-C£>fttf 

^sft-rsasT©ifi*si:b$^^i^©-e > b o Dtisise 
©*r«BuMS[*WffS u». K«a4!»iiy"C»*. 30 

yn^sj<a»a(cja-rs»«^*j^f6tis. 

[0013] ilXtt^A^^ilitt, BODfflfi 

K»*©w»»*jaffi«j{c J: ttws n-ca ess-?* 

igfiStt*JAft<. t&IMclgftttte&S&fe©?* 

n«j;<. mti. a&. «8«?©^js. xii^7 

[0 0 1 4] #^©BODHr>^MT£ftfflfS® 
«. ±S2^ISm@(CS»^©5r^g§#/cfc©-C*S. 

^mffi£«£»H£©E«anB*Trars£. 
©»#c. r^«j it* 1 2<i'Lfc3S*«:«o-ci>s£* 

[0015] ±S2fpfflmffi©^«tWfijjii uxit. &m so 



^■b;uo-^<J©»|Lh-c«?iaBiL. c©iflg±tc 

fc. #nse©?f5«Rom«5)i©^««. ctihvm 

!&m®ft*Z <%%£>>£? 6 t<SH<\ 
[0 0 l 6 ] *^©B0D-b>-«/{3: l ±B2^fflSgi 

*te©&tt£ bra. m. & i}-#>mim-f 

ft? i>Vir>tiX . SS^®r©JStt»ffi©?fiS«^L. 

fcwefntLj^ct^s. -ec-c, Ag/A 
gC l Sffi^©#MS@£i**4?£K:igiSU #J(Bf§®£ 
SfilS^©SiS£ L-cmBS®©Sft£l§:;E-f £ C £# 

[0017] *£3l§©BOD-lz>im. 
SCf^*«:j6i;r#JB«a<!;*ailft4LrfeJ:i,>iy. * 

tc-ummtoxi,^. 

[0 0 18] <2>BOD©««££ 

izmm) {c±iBBOD-fe>-y-^asL. immmtti 

S L < «#fliS@<t ©^ {cm(ji^?rg?5f L fc£ # CCP§ 

BOD^riiJ^fS^-C*^ 
[0 0 1 9 ] JlttWlCtt. ±IEB0D-fe>-y-?: 
fflSK^jSCcaiRO. ^fflSfiB<tS«<b©HK:m{4^?r 

RU r mS£©a'JS«. .Kf>^X^-; h**JBl»a£J: 
[0 02 0] */c SWsfSK^^^i-af^JjpL-C*} 

ai^«. as[4#!Si*x(ia^0i£ifessfi£©ia«:> 

f^x~it^tiiXi,J:iK 
[002l]>f : -fx-^tt > ft^Wic J: 0 Wft 

ws(c«-¥-**ff-r*©*flair*4>©-c*n«j: < . 

h ( 1 -M-PMS) , 2. 6-isi> 
ViKxAls (DC I P) . 9-^?;l/75 

>, ^tfx>. x 3 -^?u>7'jb-, 2. 6-^^o 
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P7W-.il/. -f> K7x./-Jl/. 7XUB, N. N. 
N' , N' -fh7^fA-p-7s-l/>y7i>y 

A7> -XJl>7**- K -f>v3*-5 

F. -n^^T^-v^^^U*^ h"> ji-s^cja, a 
f+y>> /N-f h'D + y>, 2, 

2 -^?Jl^>7*v>. 2. 5-^bKD+~> 
^>V+y>. 2-tFa + ^-l. 4-t7K^ 
>. A-**^-- fe\ f H'PAC, 

•5-©f6Fe-EDTA. Mn-EDTA, Zn-EDT 
A. ^VXA7x-h, 2. 3, 5. 6-f F^^^Jb 
-p-7*-U>i/T$>. 7i'Ji'7>{t* l J , )A4? 
W6n5. C ft 6©;* f^x- 40n 

[ 0 0 2 2 ] iiecD'fk^fD^riJ. 1-M-PMS, 
DC I P. 7*yi/7Mt* , ; , 5ARC;9-^5 1 ;l/7 
5^--«.>y-a-7i^y*V- , ?Ai7Ci7-Y F#Jf$ 

[002 3] BOD©aC£t*. *ttfe*d*L&l>IM 
*$£fflt,>-C*tffigL < tt#JSme£flUB^e£©Ft8*iS 

[0 02 4] iz>V-*i&h SfRttK. flt£tt©«£|. & 
U-'iSK. *tfi£^JSSffi£©W(Cfi^-rsS{4^. BO 

[0 02 5] *MOB0D4s>^«MMMFiraKK 
^L&l»ia£It^T*f6*ia®6*J£ttS. com 

[o o 2 6 ] c©^. u^^tfxttesi^cy^^ 

[0 02 7] 

[HUM] fcTBc, «A9KDXtkn«MI!li-r«. 
[0028] 

[ftttfll] BOD-te>1f 

ttD&CC. B0D-b>-!J-«r«fiSr4fPfflflS*O-«. 5. 
tfC ©fWBmffi=&*T <SBOD-fe >?*fl§l>fcaffi©R 
£. HI. 2{cS^t»T8tt^-rS. 
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[0029] mtffifefrhZf <) --IsfZilic^Z-fr 
*m<>cmt Z>®L%M (L-GL3i62Lfc) *. 0. 
3%K,HPO,. 0. l%KH,PO,. 0. 0 3%Mg 
SO, -7^0. 0. 5%66S^T>*-'i'A. 0. 0 0 
l%L-^l/f 5>M. 0. l?«B»x*^*dtfMf» 
80ml (pH7. OtCffiffib. 3 0 "0^48^. 

u <o. osm'j>k p h7. orst 

10 [0 030] ±8ST»6nfcffi»ffliR*^?LttT-fe^;l' 
-fe;UD-*Hl a (?LS0. 4 5 y m) -Cjfj@U JgE 

7D>?*-7'8«:ttffi-rSC£(C«J:9flM=&*ft«Lft: 

as 3 m m ©ntttK© fii&m 2 ©-# ©jsssisk . g© 

ttttl bWiffCI,^ffl*s«T.5<fc5K:tt#. -e©± 

*^s»Tiii ct»>, o-u>^3raso/c (0 

1 ) . tE&OffcfrDiSgWctt. 'J - F<g4 £IK^-* F 

£ (C <fc 9 *g*§ L fc. &Ht8ffi©flWIi& 'J - Ft* £ ©8 
tt$tt©t6iK». «T©3a*Wc;fet»-ct>±E£IBMaKc 

[0 03 1 ] ±&<D£5lt®l$,2Mcimn%2 0 
l>r . UTOJz 9 ttiMSS ( 3 ffi£) (B 2 ) K<fc 9 B 

0 D ©*M**fir o fc. ±f BfFfflm® £ #j(W6ff 5 
(Ag/AqClfi®) £*t® (S^mS) 7tZ*f>is* 

U BOD-fe>*£l,fc. #MSffi£^fflSS£©IH|{C 
30 JgWEKUfcU »ti4«**tti!ILfc. #CC. BOD 

ffl^tJ^Lfc. BOD©a'M*«> 

1 2«B*l/te. 
[0032] 

immm) smmniomt 

?630?:40nM DC I P. 40nM 1-M-PMS 
ZSttO. 0 lM'jyffiMffim (pH7. 0) £L. C 
40 *v&5m 1 AhfcSmifttiCCBOD-b^^AL. * 
^fS{4£+2 0 0mV~l VKgKEb. -SiffiS©W^ 
!g}(150mg/l L-^W5>i) 40ul^ 

[0 033] C©JSS^6. +2 00mV~800mV 
[0 034] 

«85jBaiK©tttt*!fo*:. 'J >KiS{E« ( p H 7 . 
50 0) ©?gg£l 0mM~2 0 0mM©P t BT^k$-f+. g 
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?5tB{4£ + 4 0 0 m V L fctWiSlifefi*] 2 £ [5]*i 

[0 03 5 ] CCD*S^e>, 1 OmM-2 0 OmMO'J 
>B$*SM (pH7. 0) T«l?U>l£gffi£^U ^ 

< £ & C (DffiSri'J^-C t & C <h o tc a 
[0 036] 

[Htt0)4] SS^f^x-^fig(D^ (1 ) 
-M-PMS#i^4 0nM<Di#OM»DC I Pjgg 

©*»*tf o*:. y ymmmm ( p h 7 . 0 > <d«££ 10 

0. 0 1M£U £ffiffiGte+4 0 0mVCCH3EU D 
C I PJfiB* 10-8 0 nM©BBt3Eft3*fc«i*6« 

5CC7K3\ DC 1 Pifi&l 0nMlXtVA^fSSW»» 
htitc. 
[003 7] 

ii5*«5] asa^^^x-drasaottB* (2) 

<x-*£DC I PKtH -M-PMS*JBl\ D 
C I PfflB#4OnM0£*©Mai -M-PMSifiK 
<D«ffl**ff-pfc. DC I Pifflg*4 0nM£U 1 -M 20 

- p m s mm* o - 8 o n Momvmts ^tc^mm 

6 CCtS-Tp 

[0 03 8] COm&frZ 1 0 n M«±rfil»J£Sffi# 
[0039] 

imtim 6 ] > r ^ x - *3WSSfc|i«:^^ £fg»9tfc 

m 

0. 0 1M'J>Mlig (pH7. 0) 5ml*(C, M 
f^i-^iltl -M-PMS<D#40nM DC I 30 
P©^4 0nM, *&l>ttl -M-PMSSO'DC I P 
4«*4 0nM&&5<fc5CC8SflnU t*l6<Dtt«?fcS 
/d i ^ r -r x - * £gS Jjn L T t I )*g «« B O D -fe > 
•fr*#PAU BODItt(^-XML 

(BOD2 20mg/l) : fcTF. #CcrBOD«m 

To 

[0 04 0]lffiigS(DBODSWa§SSaS»Pr«, >tm 
x-^3ibrfe/hSC^cC*56S^ffiCD^Wf6n/c e 40 

LrfeBOD»J3E^oIfifi'r*S*i, ^^^x-^^asjjn 
[0 04 1 ] 

mmm 73 bo D9js^fi«ao^ 

40nM DC I P % 40nM 1-M-PMS^O 

0. 0 \Mv>wmmm (pH7. o)^5miAn/c 

WfsM8*{C. BOD SrftAU +4 0 0mVOI 

ttfeawu BOD«»»*asinu waaoftmim 50 



WW7- 1 87824 
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sit mmms icnkt. 

[0 04 2] CdSHfrfefHefrfti^JC, *J>tt<±fc 
1 5 0 0mg/ml|igiT«, SS£ffi«B ODrfigCC 

[0 043] 

[ JfelfcM 8 ] 8^X<Dl»<DttS* 
*l6W©*ffi(C«HW^^itaS»*H^fc. 0. 0 
1 M y >MSf« ( p H 7 . 0 ) 5ml M 
* ^**ti«a3 0»HiaSU DC I PStfl - 
M- PM S £&*&igg#4 0 n M£ttS «fc 5fc«ftl 
U BOD-fe>1f*#AU +4 0 0mV(D«fi[*©Sf 

u BOD«*jK*4 0/x laanu m^ffloit^aij 

SL/Cc H«CCft**a«#r«:ilS4tfofc. ISA* 
[0 044] S@m(*<Dii^<Z)W^^Mt>6r, «ffifi[ 

»*-jet?*fj, #2Pjj0BOD^>im. 

»*£WrKBOD*fflffir*fc. **M©BODH2> 

BODtflKerSfcoritttC WW»**ttW3*iSC 
iiCjrO^fe D SS^fcStWT * C <b CC J: 9 B O D £$J£ 

[0 045] 

mi&M9 ] ttCDyfv x-*4>fcB 
0. 0 lMU>MHffiK (PH7. 0) 5ml**c\ 1 
-M-PMS©^(80nM), 7x ^>7>ft*'J 
A (8mM) *Sl»tt9-5^*jl/73>'*c>v'-a- 
7xt7+V^-)A^P7^F (40nM) ^r^ftUU. 
BOD-fe>U"*#AU 3 BODS«£Jj[]x., 

***aw5£Lfc. jsm^ria 1 0- 1 2<CctT. 

[0046] 

[Hfliffil 1 0 ] *«^tcoi>T<D*a# 
e^S<b(5]D<, S3mmOl SB, *-#>SfiS: 
fflt»TBOD-b>**f¥«U ^JS«ll6<b|H]«tCBOD 

ftcfc^w:, a& t IS, *-#>«Stfe|5ia©lSl|l 

[0 04 7] 

[SttfiW 1 1 ] fl^ttH(cffii^f^tt<D<BRa>tttt 
( 1 ) X->x y t7 • 3 'J (Escherichia coli : AH 
tt) 

x*x*ytr-ay JM1 09*3 7 - C-Cl 2B$mJg 
^#0, xhp-bjWo-^Biw:HS{bLr, cmp 

*>e>tlte!E3nSBOD-b>^S: v ^r^x-^ ( l -M 
-PMS, DCJP§4 0nM) *dtftt«ffl[*fc:j*A 
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maimiZLtc. m^zm i 4^?,, 

[0 04 8] (2) ^JW-^f7at-t7^W 
(Bacillus stearothermophilus) 
J<?)l,Z • Xf?ot-t7 4 A,*. I AMI 1602 

£4 5*cr«wg*LTra«©n»ftff-5fc. 
] 5 ULffrtr. 

[0049] (3) 7is% Y*t>%- • *J^7tf < 

(Acinitobacter calcoaceticus) 
7~>* r'<*£- • *Jl/374zr-f IF0 125 
5 2*3 0*C"CJg5lL-C|5]«©^g|>£'ff-5/c o ^tw x 
-^KlS^x'J^T^b^'J^A (8raM) 

[00 5 0] (4) |- Dn^#o> • i'-^^OA (Trie 
bosporon cutaneum) 

r ija^#a> • ££*>}A IFO10466£30 

wg&OT|si$©iii&£fTofc. yT^x-^cai 

-M-PMS (80nM) ^fflb/c *S^£0 1 7(C 

[005 1 ] (5) ifJlziy^^^- ■ 

(Cluconobacter suboxydans) 
if)la;A-t>ti- ■ yzflr^i/yisT, IF03172 

la^jJJ^Wt^'^A (10mM) z&muc. 
tS%«Hl 8CCW. 

[0 05 2] (6) S^- F*** • xjU+V— * (Ps 
eudomanas aeruginosa) 

i^a- ■ xjl/*V--ir 1FO 1 046 6*3 
7x'J->7Wt*U^A (8mM) Zmibtc. 

is 1 9 ccTp-r . 

[0053] W±©*S**>6, g&*?lS©eS£^£ffl 
[0054] 

[lite^ 1 2 ] ?g#S^CDffil^d3-ccr)BODil>JS 

o . o i m >j I'Wmmw.icmwx*: 3 o #R8iim3 # 

fc&tc. 5 m 1 MmWL^<<Cim\&&A 0 n MCC&S <fc 5 

tcDc i pro* i -M-PMs zmmbtc. ctiicmm 

mi £®&<DBOD-te>-y-£ftiAL. + 4 0 0mV©fI 
BOD««lfc. a'J£cK 

[0055] mmtfzzvkzmtci><Dt> m;m*)m 
%ucb<Dtvmmmm<m&*'\mc <H2 0) „ & 

[0056] 

[ 3»#J 13] BOD-fe >V-<D<$XD9mW 
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S&3mm©RtttK©fi£^§©£ISEK:. 7 
tfa-X. ^Igtt^'Jtx^TJl'n-jU (PVA-S 
bQ : polyvinyl alcohol stilbazole quatemized) X 

asuc cfte>©fiU8tsffi<t. >pf«SRc>'#BBm@*^^ 

£BODHz>-9-£ffl(,>-C. BO D©84^S:*t^c. 
[0 05 7] (1) 7#a-* 

10 MS)RL. mO'CicmLWlb. tniCL-GL3 

S3 mm©ntt«©e^«SS©-*©ffiffi«:^-{C#* 

[0058] C©fPfflmg. *fffiRtf#JK£ffi*J8l» 
T . 0 1 £ |5]«©»JS»K: J: 0 BOD ©»BE*fT -c fc 0 
&WtCttfiirSBOD8«S€. ^f^i-5K«10 0 
nMl-M-PMSI:ffll,>fc. £££112 1 KttVT . 
[0059] (2) PVA-SbQ 
20 U>lMMIriKfcMLfcL-GL3»^«:. PVA- 
SbQ?g$£j§ffig£U Cft£iES3mm©ntitt© 
e^SS©^i5ffi«:^-K:ff # 3 ii. 3 7 -CV 3 B#r5B§ 

af-c^+^-hut. c©». mmzmsib, p 
[0 06 0] e©fM!*ft*fl!i»T. (i) mmtcb 

r. 

[0 06 1] (3) iffrtDirbft. K 
30 , J>»««jR{C!(SfflbfcL-GL3a8ffl*«:'?i'llll»7 
^7-5> (BSA) «a&»M3«. BS3mm©ntt 
tt©e£S«©#ISffi(c$-fctfg3#fc. cw, to 

2 5%jga©^b$JU7^7 r b r-**jR©JKSUC2 0# 

n u y >8sf£iK«-c 3 0 > * o fc 0 

[0 06 2] C©fMiW**fllHT. (DtBiaKcL 
rBOD©i.i|S?:tf o/t. {Sb, ^f-fi-$(CB80 
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(57) Abstract : 

PURPOSE: To provide a BOD sensor 
which enables measurement even 
when the amount of oxygen dissolved 
is lower by allowing direct 
measurement of the concentration 
of organic compounds without using 
any oxygen electrode. 
CONSTITUTION: An electrode 
comprising metal or carbon, a 
working electrode 20 comprising a 
thin film containing a 
microorganism biomas abutting the 
electrode and a counter electrode 
7 are immersed into a solution 30 
containing organic matters and a reference electrode 5 is done 
so as required. Then, a current measured as flowing between both 
the electrodes when a potential difference is loaded between 
the working electrode 12 and the counter electrode 7 or the 
reference electrode 5 thereby determining BOD of the solution. 
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[Claim(s) ] 

[Claim 1] The BOD sensor which has the microbial electrode which 
consists of a thin film containing the microorganism, fungus 
body contacted by this electrode at the electrode list which 
consists of a metal or carbon, and a counter electrode. 
[Claim 2] The BOD sensor according to claim 1 which furthermore 
has a reference electrode. 

[Claim 3] The BOD sensor according to claim 1 or 2 characterized 
by said microorganism being prokaryote. 

[Claim 4] How to measure BOD of this solution by measuring the 
current which flows between two electrodes when the working 
electrode and counter electrode which consist of a thin film 
containing the microorganism fungus body contacted by this 
electrode at the electrode list which becomes a solution 
containing the organic substance from a metal or carbon are 
immersed and the load of the potential difference is carried 
out between a working electrode and a counter electrode. 
[Claim 5] How to measure BOD of this solution by measuring the 
current which flows between two electrodes when a reference 
electrode is further immersed in said solution and the load of 
the potential difference is carried out between a working 
electrode and a reference electrode in claim 4. 
[Claim 6] How to measure BOD according to claim 4 or 5 
characterized by said microorganism being prokaryote. 
[Claim 7] How to measure BOD of a publication in any 1 term of 



claims 4-6 characterized by adding a mediator on the solution 
and/or microorganism film containing said organic substance. 
[Claim 8] said mediator — l-methoxy-5-methyl phenazinium 
methyl sulfonate, the 2, 6-dichloroindophenol, and potassium 
ferricyanide — since — the approach of measuring BOD 
according to claim 6 characterized by being chosen out of the 
becoming group. 

[Claim 9] How to measure BOD according to claim 7 to which said 
mediator is characterized by being added by the density range 
lOnm or more. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the BOD 
sensor which does not use an oxygen electrode in detail about 
a BOD sensor. 
[0002] 

[Description of the Prior Art] As a river or an item important 
for water quality management of industrial wastewater, there 
is BOD (biochemical oxygen demand) and it considers as the index 
of international organic nature water pollution. By the 
oxidation reaction by aerobic bacteria, the water pollution 
resulting from an organic compound decreases, and is eliminated, 
and dissolved oxygen is consumed corresponding to the organic 
substance concentration. By measuring this consumed amount of 
oxygen, water pollution becomes clear. That is, BOD expresses 
organic compound concentration indirectly with the amount of 
oxygen. 

[0003] Although the measuring method of BOD was prescribed by 
Japanese Industrial Standards JIS, this approach needed 
complicated actuation and had troubles, like measurement takes 
five days further. Then, the BOD measuring method in which 
quickness, simplicity, and an online inspection are possible 



is demanded, the BOD sensor is already developed, and it is used 
for measurement of industrial liquid waste etc. 
[0004] The BOD sensor currently used conventionally consists 
of microorganism film and an oxygen electrode, and measures BOD 
by the decrement of the dissolved oxygen in a solution. The 
microbial electrode (JP, 54-47699, A) with which the 
microorganism which carries out utilization of the organic 
substance for it to the diaphragm of an oxygen electrode between 
wrap permeable membrane, and consumes oxygen as such a sensor 
was made to enclose is known. 

[0005] However, by the sensor which measures BOD by the 
decrement of the above dissolved oxygen, measuring an exact 
value has the problem of being difficult, with the low waste 
fluid of dissolved oxygen. Moreover, since the electrolytic 
solution etc. was built in an electrode, a certain amount of 
magnitude was required for the structure of an oxygen electrode. 
[0006] 

[Problem (s) to be Solved by the Invention] This invention is 
made from the above-mentioned viewpoint, can measure organic 
compound concentration directly, without using an oxygen 
electrode, and even if the amount of dissolved oxygen is low, 
it makes it a technical problem to offer the BOD sensor which 
can be measured. 
[0007] 

[Means for Solving the Problem] this invention person 
considered the BOD sensor as the following configurations, in 
order to solve the above-mentioned technical problem. That is, 
this invention is a BOD sensor which has the working electrode 
(microbial electrode) which consists of a thin film containing 
the microorganism fungus body contacted by this electrode at 
the electrode list which consists of a metal or carbon, and a 
counter electrode. Moreover, the approach of measuring BOD of 
this solution is offered by measuring the current which flows 
when this invention is immersed in the sensor which has the 
working electrode (microbial electrode) which consists of a 
thin film containing the microorganism fungus body contacted 



by this electrode at the electrode list which becomes a solution 
containing the organic substance from a metal or carbon, and 
a counter electrode and the load of the potential difference 
is carried out between a microbial electrode and a counter 
electrode . 

[0008] Moreover, this invention explains this invention to a 
detail the following which offers the approach of measuring BOD 
of this solution by measuring the current which flows when this 
BOD sensor is immersed in the BOD sensor which has a reference 
electrode further in addition to the above-mentioned 
configuration, and the solution containing the organic 
substance and the load of the potential difference is carried 
out to them between a working electrode and a reference 
electrode . 

[0009] The BOD sensor of BOD sensor this invention of <1> this 
invention has the working electrode which consists of a thin 
film (only henceforth the "microorganism film") containing the 
microorganism fungus body contacted by this metal electrode at 
the electrode (only henceforth /'metal electrode") list which 
consists of a metal or carbon, and a counter electrode. The BOD 
sensor of other modes of this invention has a reference 
electrode further with the working electrode which consists of 
a thin film (only henceforth the "microorganism film") 
containing the microorganism fungus body contacted by this 
metal electrode at the metal-electrode list, and a counter 
electrode . 

[0010] If a microorganism is made to exist in the sample 
solution containing an organic compound, a microorganism will 
be metabolized for energy acquisition of an organic compound. 
In the process, migration of an electron takes place to the 
electron transport system of a respiratory chain. Under the 
present circumstances, the organic substance concentration 
metabolized and the amount of the electron which moves have 
correlation. Therefore, by measuring the amount of this 
electron that moves, the organic substance concentration which 
exists in the surroundings of a microorganism can be known, and 



BOD can be measured. Since it is difficult to measure the 
movement magnitude of this electron directly, in this invention, 
the load of the fixed potential difference is carried out so 
that it may be immersed in an organic compound content solution 
and an electron may tend to move the BOD sensor which has the 
above-mentioned configuration between the working electrode of 
a sensor, a counter electrode, or a reference electrode, and 
the current which flows between two electrodes is measured. 
Below, the configuration of the BOD sensor of this invention 
is explained. 

[0011] The microorganism film is for making a microorganism 
fungus body exist in a metal-electrode front face or its near, 
and especially a gestalt will not be asked if it is a thin 
film-like thing, for example, a microorganism fungus body — 
the three-dimensions structure of cross linkage, such as 
alginic-acid gel film, agarose gel film, optical cross-linking 
polyvinyl alcohol film, or polyacrylamide film, — what was 
enclosed with the inside of the body is mentioned. A 
microorganism may be enclosed in the shape of film between a 
metal electrode and the film which does not make microorganism 
fungus bodies, such as permeable membrane, penetrate. Moreover, 
a microorganism fungus body may be fixed to a poly membrane. 
Furthermore, what used glutaraldehyde etc. for the metal 
membrane front face which constitutes a working electrode, and 
fixed the microorganism in the shape of film may be used. As 
for the microorganism in a thin film, surviving is desirable. 
[0012] As the above-mentioned microorganism, it is not 
especially restricted to an electron transport system by 
metabolizing the organic substance that what is necessary is 
just that to which migration of an electron takes place. 
Although both a pronucleus microorganism and an eukaryon 
microorganism can be used, since electron transport of a 
respiratory chain is performed within a mitochondrion in 
eukaryote intracellular and there are comparatively few 
amounts of the electron which moves to a working electrode, in 
respect of BOD sensitometry, a pronucleus microorganism is 



desirable. The yeast with which pronucleus microorganisms 
belonging to Escherichia coli, Bacillus, Acinetobacter, 
Gluconobacter, or Pseudomonas, such as bacteria and an 
Actinomyces, belong to the Trichosporon as an eukaryon 
microorganism as a pronucleus microorganism, for example is 
mentioned. 

[0013] The electrode which consists of a metal or carbon 
receives the electron which the organic substance in a BOD test 
portion is metabolized by the microorganism, and produces. 
Carbon materials, such as metals, such as platinum, gold, and 
silver, or graphite, and carbon, are mentioned that are stable, 
and conductivity is large as a material of a working electrode, 
and what is necessary is substantially harmless just to a 
microorganism. Moreover, as the configuration, although there 
is especially no limit, the shape of a cylinder, tubed, and a 
sheet is mentioned. 

[0014] The working electrode which constitutes the BOD sensor 
of this invention makes the microorganism film contact the 
above-mentioned metal electrode. If the distance of a metal 
electrode and the microorganism film separates too much, the 
electron produced by the microorganism film cannot move to a 
metal electrode. In this semantics, it does not necessarily 
need to be completely in contact with "contact" , and the 
electron should be just close to movable extent in a solution. 
[0015] Permeable membrane is put on what fixed the 
microorganism through the functional group as concrete 
structure of the above-mentioned working electrode on the 
metal-electrode front face, the thing which pasted up the gel 
film containing a microorganism on the metal electrode, and a 
metal-electrode edge, and what put in the microorganism between 
a metal electrode and permeable membrane is mentioned. Moreover, 
a metal electrode may be covered, as suction filtration of the 
microorganism suspension is carried out on thin films, such as 
an acetyl cellulose, the harvest of the microorganism is 
carried out to the shape of film on this thin film and it covers 
by permeable membrane from the outside of acetylcellulose 



membrane. Moreover, the configuration of a metal electrode and 
the configuration of the microorganism film are good to make 
it these touch areas become large. 

[0016] The BOD sensor of this invention has the above-mentioned 
working electrode and a counter electrode, and has a reference 
electrode further if needed. Platinum, silver, gold, carbon, 
etc. are mentioned as a material of a counter electrode. The 
concentration of the reaction kind in an electrode surface may 
shift from the potential which decreased, and the concentration 
of a product increased and electrode potential set up as 
electrode reaction advances, when a BOD sensor is immersed in 
test portion liquid and the load of the potential difference 
is carried out between a working electrode and a counter 
electrode. Then, it is desirable for reference electrodes, such 
as an Ag/AgCl electrode, to be immersed in a sample solution, 
and to set up the potential of a working electrode as criteria 
of a potential setup of a reference electrode (3 pole method) . 
[0017] The BOD sensor of this invention is good also considering 
a reference electrode as another object a working electrode, 
a counter electrode, and if needed, and good also as integral 
construction. 

[0018] The measuring method of BOD of measurement Homoto 
invention of <2> BOD is the approach of measuring BOD of this 
solution by measuring the current which flows between two 
electrodes, when the above-mentioned BOD sensor is immersed in 
the solution (test portion liquid) containing the organic 
substance and the load of the potential difference is carried 
out between a working electrode, a counter electrode, or a 
reference electrode. 

[0019] Specifically the above-mentioned BOD sensor is immersed 
in test portion liquid, the load of the potential difference 
is carried out between a working electrode and a counter 
electrode, and the current which flows between two electrodes 
is measured. Moreover, in 3 pole method, the load of the 
potential difference is carried out between a working electrode 
and a reference electrode, and the current which flows between 



two electrodes is measured. The load of the potential 
difference and measurement of a current are good to use a 
potentiostat etc. 

[0020] Moreover, if the mediator is added to the sample solution, 
since high sensitivity measurement will be attained, it is 
desirable. Or a mediator may be included between the 
microorganism film and the metal electrode in the microorganism 
film. 

[0021] A mediator promotes that the electron which the organic 
substance is metabolized by the microorganism and produced 
shifts to a metal electrode. As a mediator, that an electron 
shifts to a metal electrode from a microorganism that what is 
necessary is just what is promoted Specifically 
l-methoxy-5-methyl phenazinium methyl sulfonate (1-M-PMS), 
The 2, 6-dichloroindophenol (DCIP) , 9-dimethylamino 
benzo-alpha-FENAZOKISONIUMU chloride, A methylene blue, an 
indigo tris RUHON acid, phenosaf ranine, the thionine, A new 
methylene blue, 2, 6-dichlorophenol, an indophenol, AZURE B, 
N, and N, N', N 1 -tetramethyl-p-phenylene diamine 
dihydrochloride, A REZORU fin, a safranine, sodium 
anthraquinone beta-sulf onate, Coloring matter, such as indigo 
carmine, a riboflavin, L-ascorbic acid, flavin adenine 
dinucleotide, Flavin mononucleotide, nicotine adenine 
dinucleotide, lumichrome, Ubiquinone, hydroquinone, 2, 
6-dichloro benzoquinone, 2 -methyl benzoquinone, 2, 
5-dihydroxy benzoquinone, 2-hydroxy-l, 4 -naphthoquinone, A 
biological oxidation reducing substance or its derivatives, 
such as a glutathione, a par oxidase, cytochrome C, and 
ferredoxin, In addition, Fe-EDTA, Mn-EDTA, Zn-EDTA, meso 
sulfate, 2, 3 and 5, 6-tetramethyl-p-phenylene diamine, 
potassium f erricyanide, etc. are mentioned. The concentration 
of these mediators has desirable 40 or more nMs extent. 
[0022] In the above-mentioned compound, 1-M-PMS, DCIP, 
potassium f erricyanide, and 9-dimethylamino 

benzo-alpha-FENAZOKISONIUMU chloride are desirable. 
[0023] Measurement of BOD measures a current similarly using 



the test portion liquid which measured, and diluted with a test 
portion or said buffer solution continuously the current which 
flows between a counter electrode or a reference electrode, and 
working electrodes using the buffer solution which does not 
contain the organic substance, and is performed by comparing 
the difference of these currents with the difference of the 
current when using a standard sample. 

[0024] Since the flowing current depends for a sensor on the 
potential difference, BOD concentration, etc. which carry out 
a load between the class of microorganism, the touch area of 
a metal electrode and the microorganism film, the class of 
mediator and concentration, a counter electrode, and a metal 
electrode, these are good to conduct preliminary experiment and 
to set up suitably. 

[0025] The organic substance will be metabolized by the 
microorganism in the microorganism film of a sensor if the BOD 
sensor of this invention is immersed in an organic substance 
content solution. Consequently, an electron moves to an 
electron transport system. If the load of the potential 
difference is carried out between a counter electrode and a 
metal electrode, an electron will shift to a metal electrode 
from the microorganism film. Consequently, the currents 
acquired compared with the time of an electron not being 
generated differ. Organic substance concentration, i.e., BOD, 
can be measured by measuring this current. 

[0026] Under the present circumstances, if the mediator is 
added on the inside of the sample solution, or the microorganism 
film, since it will promote that an electron shifts to a metal 
electrode from a microorganism, sensitometry improves. 
[0027] 

[Example] Below, the example of this invention is explained. 
[0028] 

[Example 1] The system of measurement using the BOD sensor which 
has an example of the working electrode which constitutes a BOD 
sensor, and this working electrode at the beginning of a BOD 
sensor is explained based on drawing 1 and 2. 



[0029] Inoculation of the microorganism (it was named L-GL3) 
belonging to Bacillus screened from active sludge was carried 
out to 0.3%K2HPO4, 0.1%KH2PO4, 0 . 03%MgSO4 . 7H20, 0.5% ammonium 
sulfate, 0.001% L-glutamic acid, and 80ml (pH7.0) of culture 
media which contain a yeast extract 0.1%, and it carried out 
shaking culture at 30 degrees C for 48 hours. Centrifugal [ of 
the culture medium ] was carried out, the fungus body and the 
culture medium were separated, the buffer solution (0.05M 
phosphoric-acid pH7.0) washed the fungus body, and this buffer 
solution was made to suspend. 

[0030] The bacillus suspension obtained above was filtered by 
porous acetylcellulose membrane la (0.45 micrometers of 
apertures), and fungus body lb was made to adhere to a film 
surface. This film 1 was used as the microorganism film, and 
by covering the Teflon tube 8, one [ which insulated the side 
face ] edge of the platinum electrode 2 of the shape of a 
cylinder with a diameter of 3mm was covered so that the field 
where membranous fungus body lb has adhered might touch, and 
it covered at it by permeable membrane lc from on that, and fixed 
to it with 0 ring 3 ( drawing 1 ) . In the other-end section of 
an electrode, it connected by pasting up lead wire 4 with a 
silver paste. Lead wire may be fixed to a metal electrode using 
a clip etc. The connection part of the above-mentioned lead wire 
and a metal electrode was insulated by covering heat-shrinkable 
tubing. The insulation of the side face of a metal electrode 
and a connection part with lead wire was performed like the 
above also in the following examples. 

[0031] The following system of measurement (3 pole method) 
( drawing 2 ) examined the BOD measuring method using the 
working electrode 20 constituted as mentioned above. The 
above-mentioned working electrode, the reference electrode 5 
(Ag/AgCl electrode), and the counter electrode (platinum 
electrode) 7 were connected to the potentiostat 6, and it was 
immersed in the sample tub 9 which put in the buffer solution, 
and considered as the BOD sensor. The load of the constant 
voltage was carried out between the reference electrode and the 



working electrode, and the flowing current was measured. Next, 
the BOD standard solution or a L-glutamic acid solution was 
added, and the current value was measured similarly. During 
measurement of BOD, the sample solution was agitated using the 
magnetic stirrer 10. Measured value was recorded by the 
recorder 12. 
[0032] 

[Example 2] Optimum load potential in the examination 
above-mentioned system of measurement of optimum potential was 
examined, the sample solution 30 was used as the 0 . 01M phosphate 
buffer solution (pH7.0) containing 40nM DCIP and 40nM 1-M-PMS, 
the BOD sensor was inserted into the sample tub which put this 
in 5ml, load potential was set as +200mV-lV, 40micro (150 mg/1 
L-glutamic acid) of organic substance 1 of fixed concentration 
was added, and the increment in a current value was measured. 
A result is shown in drawing 3 . 

[0033] It turned out that it is desirable for an almost equal 
response value to be shown among +200mV - 800mV, and to measure 
in this range under the above-mentioned condition from this 
result . 
[0034] 

[Example 3] Examination buffer-solution concentration of the 
optimum concentration of the buffer solution was examined. The 
concentration of a phosphate buffer solution (pH7.0) was 
changed between 10mM-200mM (s) , and the increment in a current 
value was measured like the example 2 except having fixed load 
potential to +400mV. A result is shown in drawing 4 . 
[0035] This result showed that an equal response value was shown 
and it could measure in this range at least in the phosphate 
buffer solution (pH7.0) of 10mM-200mM. 
[0036] 

[Example 4] Examination of optimum mediator concentration (1) 
DCIP and 1-M-PMS were used for the mediator, and optimum DCIP 
concentration in case 1-M-PMS is concentration 40nM was 
examined. Concentration of a phosphate buffer solution (pH7.0) 
was set to 0.01M, load potential was fixed to +400mV, and the 



increment in a current value was measured like the example 2 
except having changed DCIP concentration between 10-80nM(s) . 
A result is shown in drawing 5 . The good response value was 
acquired by 10 or more nMs of DCIP concentration. 
[0037] 

[Example 5] Examination of optimum mediator concentration (2) 
DCIP and 1-M-PMS were used for the mediator, and optimum 1-M-PMS 
concentration in case DCIP concentration is 40nM(s) was 
examined, DCIP concentration was set to 40nM(s) and the 
increment in a current value was measured like the example 4 
except having changed 1-M-PMS concentration between 0-80nM(s) . 
A result is shown in drawing 6 . 

[0038] This result shows that a good response value is acquired 
by 10 or more nMs. 
[0039] 

[Example 6] In 5ml (pH7.0) of examination 0.01M phosphate 
buffer solutions of the effect which a mediator has on a current 
value As a mediator only 1-M-PMS 40nM(s) , DCIP chisel 40nM, Or 
1-M-PMS and DCIP are added so that it may be respectively set 
to 40nM(s). A BOD sensor is inserted in the buffer solution 
which has not added these buffer solutions or mediators. 
Furthermore, the BOD standard solution (the mixed solution 
which contains a glucose and L-glutamic acid 150 mg/1, 
respectively (BOD220 mg/1) : only henceforth the "BOD standard 
solution") was added, and the current was measured. A result 
is shown in drawing 7 . 

[0040] In high-concentration BOD standard solution addition, 
though it was small even when he had no mediator, the increment 
in a current value was acquired. However, the increment in a 
current value with larger adding a mediator was acquired. 
Therefore, although BOD measurement was possible even when this 
sensor had no mediator, it was shown that the direction which 
added the mediator is more effective. 
[0041] 

[Example 7] The BOD sensor was inserted into the sample tub 
which put in 5ml (pH7.0) of 0.01M phosphate buffer solutions 



containing creation 40nM DCIP of the calibration curve for BOD 
measurement, and 40nM 1-M-PMS, the load of the potential of 
+400mV was carried out, the BOD standard solution was added, 
and the increment in a current value was measured. A result is 
shown in drawing 8 . 

[0042] A current value increases to ml in proportion to BOD 
concentration in about at least 1500mg /, and the approach of 
this invention shows that BOD can be measured correctly so that 
clearly from this result. 
[0043] 

[Example 8] The effect which dissolved oxygen has on the 
approach of examination this invention of the effect of 
dissolved oxygen was investigated. Into 5ml (pH7.0) of 0.01M 
phosphate buffer solutions, aeration of nitrogen, oxygen, and 
the air was carried out for 30 minutes, respectively, DCIP and 
1-M-PMS were added so that final concentration might serve as 
40nM(s) respectively, the BOD sensor was inserted, the load of 
the potential of +400mV was carried out, 40microl addition of 
the BOD standard solution was done, and the increment in a 
current value was measured. It measured without carrying out 
aeration of the gas similarly. A result is shown in drawing 9 . 
[0044] It was not concerned with the existence of the aeration 
of various gases, but the current value is fixed and the BOD 
sensor of this invention has measured BOD, without being 
influenced of dissolved oxygen. The BOD sensor of this 
invention supports that it is what does not measure BOD by the 
decrement of dissolved oxygen and measures BOD like the 
conventional sensor by measuring the electron produced by 
metabolizing the organic substance. 
[0045] 

[Example 9] In 5ml (pH7.0) of examination 0.01M phosphate 
buffer solutions of other mediators, (80nM) , potassium 
ferricyanide (8mM) , or 9-dimethylamino 

benzo-alpha-FENAZOKISONIUMU chloride (40nM) was added, the BOD 
sensor was inserted, and further, only 1-M-PMS added the BOD 
standard solution, and measured the current. A result is shown 



in drawing 10 -12. 
[0046] 

[Example 10] As well as the examination platinum electrode 
about an electrode material, the BOD sensor was produced using 
gold of 3mm of diameters, silver, and a carbon electrode, and 
BOD was measured like the example 6. However, a reference 
electrode was not used, but the load of the potential difference 
was carried out between the working electrode and the counter 
electrode, and the current which flows between two electrodes 
was measured. A result is shown in drawing 13 . The same result 
also as platinum, gold, silver, and a carbon electrode was 
obtained, and when it was conductive matter like a stable metal 
or carbon, it turned out that it is measurable, so that clearly 
from this result. 

[0047] 

[Example 11] Examination (1) Escherichia coli of the class of 
microorganism used for the microorganism film (Escherichia 
coli: Escherichia coli) 

Escherichia coli Shaking culture of JM109 was carried out at 
37 degrees C for 12 hours, it fixed in the nitrocellulose 
membrane, and Pt electrode was equipped with this. The BOD 
sensor which consists of the working electrode and counter 
electrode which were obtained, and a reference electrode was 
inserted into the buffer solution containing a mediator (DCIP 
1-M-PMS, 40 nM(s) each), the BOD standard solution was added, 
and the increment in a current value was measured like the above. 
A result is shown in drawing 14 . 

[0048] (2) Bacillus SUTEARO thermofilus (Bacillus 
stearothermophilus) 

Bacillus SUTEARO .thermofilus Shaking culture of IAM11602 was 
carried out at 4 5 degrees C, and the same experiment was 
conducted. A result is shown in drawing 15 . 
[0049] (3) The Acinetobacter cull core ceti dregs 
(Acinitobacter calcoaceticus) 

The Acinetobacter cull core ceti dregs IF012552 was cultivated 
at 30 degrees C, and the same experiment was conducted. 



Potassium f erricyanide (8mM) was used for the mediator. A 
result is shown in drawing 16 . 

[0050] (4) Trichosporon KUTANEUMU (Trichosporon cutaneum) 
Trichosporon KUTANEUMU IFO104 66 was cultivated at 30 degrees 
C, and the same experiment was conducted. 1-M-PMS (80nM) was 
used for the mediator. A result is shown in drawing 17 . 
[0051] (5) Gluconobacter suboxydans (Gluconobacter 
suboxydans) 

Gluconobacter suboxydans IF03172 was cultivated at 30 degrees 
C, and the same experiment was conducted. Potassium 
f erricyanide (lOmM) was used for the mediator. A result is shown 
in drawing 18 . 

[0052] (6) Pseudomonas ERUGI norther (Pseudomanas aeruginosa) 
The Pseudomonas ERUGI norther IFO10466 was cultivated at 30 
degrees C, and the same experiment was conducted. Potassium 
f erricyanide (8mM) was used for the mediator. A result is shown 
in drawing 19 . 

[0053] Even if it uses the microorganism of a different class 
from the above result, it is clear that BOD can be measured by 
the approach of this invention. 
[0054] 

[Example 12] After carrying out aeration of the nitrogen gas 
to the BOD measurement 0.01M phosphate buffer solution in the 
inside of the low solution of dissolved oxygen for 30 minutes, 
DCIP and 1-M-PMS were added so that it might be set to last 
concentration 40nM into 5ml buffer solution. The same BOD 
sensor as an example 1 was inserted in this, the +4 00mV 
potential difference was applied, and the BOD standard solution 
was added. The increment in a current value was measured 
spraying nitrogen gas on an oil level, in order to maintain a 
condition or a low condition without the dissolved oxygen in 
measurement and the buffer solution. 

[0055] The almost same result was obtained by what sprayed 
nitrogen gas, and the measured thing which usually passed along 
( drawing 20 ) . therefore, dissolved oxygen is low by using the 
BOD sensor of this invention — it is — it is — it was shown 



by the solution which is not that measurement of BOD is possible. 
[0056] 

[Example 13] In the metal side of the platinum electrode of the 
shape of a cylinder with a diameter of 3mm, agarose, optical 
cross-linking polyvinyl alcohol (PVA-SbQ: polyvinyl alcohol 
stilbazole quaternized) , or glutaraldehyde was used, the 
fungus body of three shares of L-GL which cultivated like other 
example examples 1 of a BOD sensor, and was obtained was fixed, 
and the working electrode was produced. BOD was measured using 
the BOD sensor which consists of these working electrodes, and 
a counter electrode and a reference electrode. 

[0057] (1) The suspension which made this suspend L-GL3 fungus 
body in a phosphate buffer solution was mixed, holding [ carried 
out the heating dissolution of the agarose agarose so that it 
might become suitable concentration (for example, 2%), and ] 
at about 60 degrees C. In this way, homogeneity was made to 
adhere to one end face of the platinum electrode of the shape 
of a cylinder with a diameter of 3mm, it cooled, and the agarose 
solution which made the obtained fungus body suspend was used 
as the working electrode. 

[0058] BOD was measured according to the same system of 
measurement as drawing 1 using this working electrode, the 
counter electrode, and the reference electrode. Said BOD 
standard solution was used for the sample, and lOOnM (s ) 1-M-PMS 
was used for the mediator. A result is shown in drawing 21 . 
[0059] (2) To L-GL3 suspension suspended in the PVA-SbQ 
phosphate buffer solution, carried out optimum dose mixing of 
the PVA-SbQ solution, this was made to adhere to homogeneity 
in the metal side of the platinum electrode of the shape of a 
cylinder with a diameter of 3mm, and it incubated at 37 degrees 
C in the dark place for 3 hours. Then, the fluorescent lamp was 
irradiated and PVA-SbQ was made to construct a bridge. 
[0060] BOD was measured like (1) using this working electrode. 
However, ImM potassium ferricyanide was used for the mediator. 
A result is shown in drawing 22 . 

[0061] (3) The optimum dose dissolution of the bovine serum 



albumin (BSA) was carried out, and homogeneity was made to 
adhere to L-GL3 suspension suspended in the glutaraldehyde 
phosphate buffer solution in the metal side of the platinum 
electrode of the shape of a cylinder with a diameter of 3mm. 
After putting this to the steam of the glutaraldehyde water 
solution of concentration about 25% for 20 minutes, the rinse 
of it was carried out 3 times with the phosphate buffer solution. 
[0062] BOD was measured like (1) using this working electrode. 
However, 80nM(s) 1-M-PMS was used for the mediator. A result 
is shown in drawing 23 . It is clear to a metal electrode from 
the above result that BOD can be measured using the BOD sensor 
of this invention irrespective of the approach of fixing a 
fungus body. 
[0063] 

[Effect of the Invention] BOD can be measured without being 
influenced by dissolved oxygen concentration if the BOD sensor 
of this invention is used. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing one example of the 
working electrode which constitutes the BOD sensor of this 
invention . 

[Drawing 2] The front view showing an example of BOD system of 
measurement using the BOD sensor of this invention. 
[Drawing 3] The graphical representation showing the relation 
between a load electrical potential difference and a current 
value . 

[Drawing 4] The graphical representation showing the relation 
between buffer-solution concentration and a current value. 
[Drawing 5] The graphical representation showing the relation 
between mediator (DCIP) concentration and a current value. 
[Drawing 6] The graphical representation showing the relation 
between mediator (1-M-PMS) concentration and a current value. 
[Drawing 7] The graphical representation showing the relation 



between BOD when changing the class of mediator, and a current 
value . 

[Drawing 8] The graphical representation showing an example of 
a BOD measurement calibration curve. 

[Drawing 9] The graphical representation showing the effect 
which a dissolved gas has on BOD measurement. 

[Drawing 10] The graphical representation showing the relation 
between BOD when using 8mM potassium f erricyanide as a mediator, 
and a current value. 

[Drawing 11] The graphical representation showing the relation 
between BOD when using 40nM(s) 9-dimethylamino 
benzo-alpha-FENAZOKISONIUMU chloride as a mediator, and a 
current value. 

[Drawing 12] The graphical representation showing the relation 
between BOD when using 8 0nM(s) 1-M-PMS as a mediator, and a 
current value. 

[Drawing 13] The graphical representation showing the relation 
between BOD when changing an electrode material, and a current 
value . 

[Drawing 14] The graphical representation showing the relation 
between BOD and a current value when Escherichia coli is used 
as a microorganism of the microorganism film. 

[Drawing 15] The graphical representation showing the relation 
between BOD and a current value when bacillus SUTEARO 
thermofilus is used as a microorganism of the microorganism 
film. 

[Drawing 16] The graphical representation showing the relation 
between BOD and a current value when the Acinetobacter cull core 
ceti dregs are used as a microorganism of the microorganism film. 
[Drawing 17] The graphical representation showing the relation 
between BOD and a current value when Trichosporon KUTANEUMU is 
used as a microorganism of the microorganism film. 
[Drawing 18] The graphical representation showing the relation 
between BOD and a current value when Gluconobacter suboxydans 
is used as a microorganism of the microorganism film. 
[Drawing 19] The graphical representation showing the relation 



between BOD and a current value when the Pseudomonas ERUGI 
norther is used as a microorganism of the microorganism film. 
[Drawing 20] The graphical representation showing the effect 
which low dissolved oxygen has on BOD measurement. 
[Drawing 21] Drawing showing measurement of BOD by the BOD 
sensor which fixed the"microorganism fungus body to the metal 
electrode using agarose. 

[Drawing 22] Drawing showing measurement of BOD by the BOD 

sensor which fixed the microorganism fungus body to the metal 

electrode using optical cross-linking polyvinyl alcohol 

(PVA-SbQ: polyvinyl alcohol stilbazole quaternized) . 

[Drawing 23] Drawing showing measurement of BOD by the BOD 

sensor which fixed the microorganism fungus body to the metal 

electrode using glutaraldehyde . 

[Description of Notations] 

la. Porous acetylcellulose membrane 

lb. Fungus body 

lc. Permeable membrane 

2. Metal Electrode 

3. 0 ring 

4 . Lead wire 

5. Reference electrode 

6. Potentiostat 

7. Counter Electrode 

8 . Teflon Tube 

9. Sample Tub 

10. Magnetic Stirrer 

11. Star Rubber 

12. Recorder 

20. Working Electrode 
30. Test Portion Liquid 
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